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S.ympho-re&åa€.a3.as' ce3"ås, $.m €"&ae bos¡e ffi&rsow. TB¡ese ceåås
as'e msos{"$.y pr'oge'suå{"os' of st"em ce3.3.s wfoåcßr wåj.å 6åve s"åse

t"o t'&¡e d3.f'flesemt, *"ypes ofl ce3.3.s s.m *"he åymp&no*æet"$.cq¡j.as,
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deveS.opwerat', ae3.å dåvås$.oa¡ occ{ßFs $.roma s"B¡e secondany
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'E# o?qñg .Ággoa.øgp oS .so @g .aageae a;eo dpageeaçeaggê r&os¿ a.Ãe

?eEå? sET'êþ esÐE{& "wog?e"Eagggoød go atregs sTE{? ?e "ãsbooo

o? sEAoT'?e?6Þw þS?ees@s "Ão"g a1q$ssod sT ?l "Seagagogçøs nagea{Þ

,{aeau.6 aagçraqoçSocsarwwç o$uapaxra sT.Tês ê{g? rnaogge.æa;rçT.o.rd

"g@ aãegs p&dopas Ðqå? #naç"ara6 "ê?e.Eê.¡ig'g.o,ød @? arggaq

Áaq? dsgwcx$gs seroqsasoãËa øgeg'ædoødde "ã@c,&td) .Ã@ (aae#gguøe

qae *Eê?qãErÐþsüê n*g ?e @úB qãþTq{e ,sçgøs @säq{? q,ãêqql%

'qeÐS'?eTKþþ"El'3 aa¿g Sa,øçaeag paøe #arg.rê?Eãa

dgsmoraaaE3usd)þ å"8Ë sT'TÐs*ffi pasø.ã@"3i Ágøa6g "pÐ?eq6gæS.1.Ð

å"EB üsggaþqon'#ouøraw*øç ïesJ@S'rsþBAøu6 Á"aøen B@q.E Ð6$ ,åBcã? sl'ã.êÞ
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T

þ3.ocked amd ce3.3.s carsraot" esb{,es t"he Go, st e6eu amd

*"hes.egos.e cora&,åslq$e t ø pno3.åf'eøat"e" lVor.mæS.åy, B*ceI_3.

mas*a¿sa{"s.@sg c¡c€qgs's i.sa {"Ëue fol-3-i.ci.es off t"å¡e 3.ymptsa arodes.

T'Þ¡exe &s'e ffocau" morpBaoåogåaaå st"a6es off &-aeå j.

deve3oprøeraå, {F"s-gcøs"e 3.}, TBaese aE"e tBae sma3.å a3.eøwed ae3.i.

sÉ"46e, tBee 3.ønge, c3.eaved ce3.i_, t"Bue smai.å s¡omcåeawed qeå3.

asad tåse 3.ax"ge atoa¡cS.eacFed ce33. sË"e6e (Roþþåsþs et"__ e.3-,

1984), The fårst" ce3.å sta6e $.s *,he smaåJ. aåeaçred ceSL

s{,a6e" "&{, t"&¡Ls st age Ê"å¡e ce3.3. cora{,a$.rss ves.y J.åt t"Le

cy{,op3.asm. ?Þ¡e s¡uc3.eqss ås cøcãvo3-qå*,ed arud appeas.s a3.eaved

$.m t"åssnae sect"i.os¡s" T&¡e eecos¡d st"a6e i.s t"&ee 3_ange

c3.eaved aeå3. st"age" ffios"e cy{,opåasm ås appanenå. a*" tD¡ås

st"a6e" Å3.so, masc3.eo3.3- he6åm t"o appear. ffiåt"ot"åc ac{,$.våt"y

ås 3.ow dunå.rag tBne flåc'st, amd secosld s{,age, Tåse t8¡fs'd
s$,a6e ås t"8¡e sme3.3. a¡os¡c3.eaved ce3-3. sta6e" TBse rsuci.eaås

becomes sp&renlca3 and måt"oÊ"i.a ac{,$.v$.t y åncs'eases. T&ue

f,o¡¡rt"&¡ d$-fferec¡{"i-at"$.or¡ stage ls t&¡e åange no¡¡c3.eaved ce3.3-

st"a6e" Tå¡e s¡qåcLeq¡g $.s ao{ss}d ar¡d ffiox'e cyt"op3.asm ås

vågi.b3.e" Fs"ocr? heeeu ce3.3.s eret eã' t &¡e i_n¡t"es.fo3.3.f.aqåi.an

sg)êce, asad hecome åwm¡,¡mogS.obnaå$.m pu'oduc$-m6 ceå3.s.

ffio&Bu t"åse pro3.3.f-er.a*"$.ve st ages asud t &ae

monphoJ.o6åca3. st"ages otr 8-ae3.3. devel_opweerat" Baave to be

exami.s¡ed {,oge{"Buex', sj.race t hey &g'e desaN"$.h$.rag *"&ae sa@e

evesat"s. TEne mor.pBuo3ogy of' @*aeå3. deweS.opmeent, &¡ave t"o he

s{,udåed, såmce åt" i.s t"9¡e ønonp&uoåo6åca.l. terms t"&¡at, ås
he$.ru6 qased to aåLmåca3.3.y descnåbe t"8¡e dåfsenes¡t" t"ypes

of' &-ce3.3. åymphomas.
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F"$.6nux'e f. " sak¡ema{"$.c rep*eserat ad"åocb ofr t"he foq¡æ

monp&ro3.o6åaaå s{,a6es of B*ce,.LL deve.LE¡pwerat .
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€@"8@? aq6? nÁçgeuog?gp@.ø&
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o1'T'ep a#øeg eq{? êpEuTpeET' seauocqdew.{g ape"r$ qåSSq{ êq"6

'seewoagdw^dç

ã'l'ê3 a$øeg êsøbü"glp pqse 'paxgou ÐsE¡S$gTp rpoiueego Tçeews

Ð#Ëh#\gçp 'ET'sp o#"aeg .üeTsbþT'Tlod sB s+dÁj g'engsogo?slq{

Eåssus aprÈT':xãT' seewoa6dwaÁg ope.u$ ê?egpew.Eê?qÃS êqåå,

"q808Æ{#oÐ ê.s@ &G.Ãüew Ðss@q pqãe
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a&9þW aq? 'epo"ø9 ê?Ð3,pê{#!åe?ffig Ðq? nopæ.ag mo¿ aE{? sT. sgq{&

'sag'.uo8ejeo .ÃsùoJi .ÃêpqÃs¡ pacegd a.Ee se&${Du¿drø.{X, s.rxçrySpog{{s@ru
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îV

gg " S" Çyt oseraet $.cs qlf ffiorþEð$dgki.sh's g,ymËÞ_tsþomlÐ

Såxnae ffiasao3.ow amd Mamo3.ovaus dåscowea.y of *"&se ß^&q+

mønB<es' c&anomos@e?e åsa &qsrE<åt"&'s S.ympBuoøma, cyto6esuet,$.c dat"a

9¡as beesa accq¡msåJ.a{"årag z:apåd3_y" TE¡5.s ås due t"o

$.mpnovemesa*,s $.m cwåf.eanång arsd haradårug t"ec&auråques, As

da{"& acaq!3.mes3.a{"es, a pat"t ensa $.s be6$.øuøaåaa6 t"o ap$}eag åsa

wfuåc&a cex't"a$.m, spe.c$.fåc abs¡opmaå.$.t"åes aø.e heårug det eat"ed

$.au d$.ff'ere¡st" t"g'pes of Wos¡&Eodgklauus [,ympBaoma (N&AE"]. Foz.

examp3.e, as dåscqåssed pe.evj.oersåy S.ru Bces'ki.{,t,us Symp&noma,

{"&ae appearas?ce of *,(8;A&}{.q?,@-;q42} ås consf,ag¡f,, &s weåJ.

as t"ts¡e È'{.2;Ø} assd t"&ae t*{.83?.?} cB¡nomosowa3. ts'affis3.@ca{"åos¡s

$.m t"E¡e vasåas¡{, fos'ffias of Bcßs'k$.t"t,Þs S.ymphoma (^&be et"

s,3-982; Bez'6ea' et aJ.", 3.983)"

Nora-E8odgki.cÌus S.ymphoma exE¡åbi.t"s a he*,eno6es¡eûq&s

popuS.at'$.ora of ce3.3.s" ffios'e t"8¡ar¡ osse c3.osla3. popan3.at,$.ose of
cei.3.s have beesì obsepved cytogemet,5.ca3.3.y. Å33 ZZ paårs
oÉ- an¡{,osomes &¡ave heer¡ ohsec.ved Ê"o be i.r¡vo3.ved" TB¡e sex
c&¡romosomes aÐe so¡met"i.m¡es ås¡vo3.ved as wei.i. (F.ågwne s),
tso{,B¡ st"g'Eaat ug'43 as¡d r¿{Bmeg.åca3. ahraonmaS.åt"i-eg E¡ave heer¡

ohsenved år¡ a3.3- c&ses of N&üfl, (Bex'6er e&._e¿_:_" Sg84; Ðomt"å

$_ , 3,987 s F'3.ei-s&¡mam e{" a3." , 1989; F-na$.sse g&__BI=_,

1984; Ganamt" eô_BÅ:_, $.986; Kar¿e&ço et" a3.. ,gg87; EeBea{B st"

pL, 3.984; 8"ewåme et" a3." , 3.985; E"ev$.me, gt"-ê$., tg&g; ffiar.k

e{, a¿-,3.938; @BeyasRr$.k$. q&_sÅ. , 3.988; Fanamå et aJ.. u

3.9@4¡ Reeves ed, aå" u 3.989; SpeaÄrs e{" a3." , 3.98?; tråLåy
et a3., , Í.98@9 Yum$.s g&___g¿:_,gg&A>. CB¡s'omosoffies most,

asud 3.@ (fah3e ä),
Tru Fil$lE u s*,qndi.es åsadåcat e {,&¡e{, t"B¡epe S.s penfuaps osãe

px's.maey ctstg"omosowsa3. aheg.g'a{,s.a¡ra agþd suhseqeaerut,

the pne-&-ceåå goes

6Ðffi?e ext"eg'gÞaå glregsqffi.et"&ar.ougãe t See s$"ages of deve3.opmerat,,

ffiey caqåse ab¡¡oc'ma3. g"earg"amgememt s t o occnag'u canes$.ra6: t"Ë¡e
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Tahåe ä
qFgegpg@s@MEs ffios? @trgmK TNvqg"vH@_Jiry_m&gg.

Chrqmo€sstte hlqåmb€p "Ahs¡qwa3.$.t,åesg pant"$.a3. dwp3.åaa€,3_ora of q
dnap(3. ) (q) saåt Íe ft"{.@ 9l@}
de3.e*"åos¡ on *"s.ar¡s3.ocat"åc¡m

s. Í.

3.4

3_4

3_ ts

AW"5.ï4 $-mvoLves {,fue q aømr

de3.(6)(q)
breaks at" 6q3.S amd 6q?3
3.oss @fl q anm wå{"8¡ dup(6}(p}

{"(3.3. ; $.4} (qL$ ; q32}
Nqåmen$.caå amd st a.cåc&!.ås'a.!.

i-s¡vo3-vermesì*" of 3.1 o{,&¡es" {,&sam {"fåe
&(13.;3.&3

s*"g'qaa{"c,ås'a3. ahs¡ormal.åt,i.es pat E¡ee
åraf-reqwerat"

å"n$.øowy d.2 ås¡ rffiost" c&ses
associ.a{,ed wl{"Ê¡ sevesa3. ot 8¡es.

chamges

û,(&; L&> , t"(3.$.; Í.4) , *u{.3-&;3.&}

&($.4;3.8) i.s &&se, ma"lon
t r3.soømy LE
deå(3.8)(q)
hneakpolmt a*" 3,E,q?,1 aald 3.8qZS



êsÍbei¡êq a&&os pnee opageaçjoe êq o? sdesse c.Ãog?rlâJis{.Ee;E?

dq ptÃEao.¡; EEêaq aåes{ Áanå? êss¡epêq aaÅt¡os .sjaagodryea.sq

EF6]âCçâ¡A(tar '¡Þ E8rlu'.¡Þ:lf,DT -trT.âBÍ4 Eñ 5dñÞâ5ñ ñã? f fôrrâñ? Er^âÆ F -'s ? ê-u 5 rå * +q@E' F sescq

êÂee{ saqÃa$opqÃo asêcã? #o êw@S .TåãM 
"g@ ÁSoçog'ga êEq? cES,

sanaa$opq¡o egeoggdaøT o? ðpq,ÃapïAã FnxçseauoqÃT sl ê.Ãêq&

s8Eãã90þ{ã0 "s"? .s

' ( 696 E'T&*Tã \rêsseg,Eg ) sq¡og'?Bþo1'sqãe.ã?

âsÐq{? "gl@ #.86à?ec¡ anqgssod aq{? Ðqg'.ãosêp o? âT'qsssod sç gg
r qnnxo*cA saqãa#opq,ãÐ i[eg'Ebgg'êp 

"pr@ ,{"canonøçp ê{g? puae sçs^dTeq¡e

WM@ ü@.S sarabçuqcag $a;gsur sagpm?s cçjaua8 .Íegsaaag.osø

"Jio ?{BêÄpe sg?TA .raog'?eçff.ão6sc¡e.s? jaaenxãçge{# {sS T.epT.?T,.u:}

saua# qÃT'e?uop ?Ëqü? sSnraw$as ïeoÆ@soeuo.Eqåþ gxxgod-r,egd

st¡og?e3oã'sue.E? ?EÃa?s1'sqsoo .¡io sê3gs aq{? ?eq3 3r.xa.øedde øoNø

sï' gT nsagpuujs .Ã@T'sàþêl'ow pseáe sgjanxaãogÁo aa¿j ws@"r"{

"w "rr

' (gg69"=ffi-6 ase.4gwuq) ÐøT'se?se?êw pue asEàJSïp

êeeo3êq p4ãe êÅsssa^r$$e a.Eo&å êeMosaq Áewø eoanoqdwÁg ox{j á.ã8r33o

sjnaaauaFu@.Ã"sea"Ã T'@wosoê@o.ãq{3 .Eaq{?o 6W "neo$?e.Est?€e$ T.T@3-g

"3io sa$ejs "{guea Á;ran aq{? ge #arp.xøruooo ?{ÃaÂê Á.rewg"rd

e aq Áew¡ u@T?e3@Tsqse.E? Teeaaosoesso"Ec{s (glf @E}? ac{? ?eq{?
qåog'?@pgpq.aß qÃe sS sdeuq.aad s6qã,& . (gg6ï .re-E sãEeqs?g,ÐS¡

pa¡{"rêsqo EEðeq sen{ (glgg$}? .Jto aonuasa"rd evqq rwwongdwÁg

T',T',ê3 pêÂÞaT3 TTeWs "seï'&þTÏT',o.$i .Ão sÐse3 êq{? _so ägg ul
' (&g6T dffiã o'6owçfins&) seê#&qdeøÁg .rBT,ErþTT,T,Ðqgi

{Ãl puEBoJ q.Ãog'?e3o1'6qÃ8.Ã? Teåffllsoesi@"å{ãþ {"&ebf Agb>Cgg f WV>ø

aE{? sT "Eg{ru adÃg €'T'êþ *M B qET pÐ¿\.sesqo Ággnewæowqe

?EÃê?sçsasos E{pwrs peüosÐs ãE{& ..9&{N .¡i@ adÁg .sel.cÞ3g?.eed e .øo.gr

Ágggeeøa.aoruqe ?q,ãe?sçseã<>:l pðÅ"ãêsq@ ?súg# aeð? se@ , tpçrg>A
qø@E?e3@T'ssseü? ã'e@å@s@ws@.Ãq$ êqå? ".xagg.uea passsìasçp sV

"a8egs øegrengg.red

?Bq{? ?Ë Ð?e"Ea#gïoød og psx@ q.Ã@T?eç?cÃÐ.a@#gçp d<4s o"4 ã.Têþ

EY
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êq? "$io 
q.ÃoT?eÏm$ê.E 3.s.Ee.E.Ãêqe EET ?g,B?Sãis g8Ãoï.?eþoïseãe"ã? âq?

?eeg? pa?e.E?sq¡@8aåap uaaq ses€ ?l "TTe?êp T,Tct.g ug p@uÁïeEãe
g85.ãf'S 5ÄÞgB ?FElñ? haaÞd âãlrâdtulr^ ^Ê,^@ à ssË-{ Ë64=+ä &(.uêg& Ë'qÄq{å Ëiååi-?õ{_ö-aöõ{-tqs.q;-Þ {.ä(È pÐ?ËãÐ{ Ð¿ã@æ A-AOQ AEA?

peats gabs pq¡8q ê{Ê{os(}&ø@rEq{3 u@ pê?e3oï êq.ãaÞ odw-o +a¿g

" {. ¿"W6T 
n 
ug:aeue*6*Kg'fÀ@q,sÐs{þ ),

-E--aø6Ag-e pqae #Ð,.&- Â{-û or-€sr{A^ø-s * 
Açp-o .a-s?ê-o ptxe

-r-s3ê-.3 ns-Aoe êq? se q&þsus "l&å¡ü qrg pêr\T.oÂcag. Ðq o? Eåeoqsry

a.Ee seqaa$(}puo*o?0.ad üaq?$ -egsetrdoaw .¡to jnNaaatdon,aaap

aE&? o? â?raqT'.ï?EAÐs Ð? pajsadxa aq ?q{Fgåea opequraguad

ruêqe n?ecå? 6{Ãog'?þcEEìS Te&rüoq¡ aAeq{ o? .seadde sa{.sa$

aqå? osãog?Tppe qEï "saqÃa$ pa?oageçe aqã? .gG øøog3dçæasråecx? .Bio

cxoE'geg'øe8ê.Ãap q¡T' ?l'E¡sê.s strog.?e3o1s{.Ãe.E? asaqå& "qg a"xmgggS

'ãF¡M q[T', Sq[OT'?eþOE',SvüÞqE? serg.ø"rruoco "{63raarahø.8"¡t ?so{åå êê.Ãq.ã?

aE{? ê.¡e (ggf ?l}? p{Ãe (egg6g .îf,Ë"}ã ooSocwçfirusg¡ (g6f ES}?
(øff8)? êq.& .s3uçod>¿tsaüq êq? o? garonefpe sawas aa¿g

.$o q.Ãor?eþT"¡iT'?qsapr ü¡T pa?TEhs+.E s@q{ sB&&oagduør{g p{Ãe seraøåryEìaï
q.ã3' sEc@T?e3@T'.S{!e.83 $uøgu.xm3ð.ã aq? "}i@ Te"ÃarTês "3t(} sjcrgod4ea"xq
@e,Mosoars@.ctå3 aE{? ?e sacqãarrbas VNffi @q{? So sgsÁgeu.rg

.(@669 og6aøo6 fgg6g "Á"uop rgg6g .=ffi-ffi @T'e?TTV) auas
äqå? o? ?Kê{¡ Sugg.xasuç ,øajowao"rd T,eúg¡q Áq æo 'stxoçgejma*ø

?qsT'od nsajEs .Eaq{?o o? an¡a# êq{? #o Eúo$?e:}oTsqÃe.r?
naxoç"gag'ap oacsa$ .EeT'ErþT?"ãed ocã? "$o 

q[oT?tsog.¡ig¿deøe cg$mo.xtgg

aEêq{?T+ sanløødoud scaçwa'ao$sqs@.a? .{lêq{? +"xgauboe o? 8Jø@{ã}4 Ðúe

saqEas êsêq{& '49 a.xrasgg> padd@&s qsêêq Æ&q,ã ê¿seq{ sagj"redoud
ãeu6oø;rogsxåÐ.ã? {å?Tå sacs+S æo saaaa$osqão*o?o"Ãd @g .6êÂ0

' {. ¿"9,6T'a6onue.u¿-Kg'A@wac{3)r {sog'?eêe&.soq$sque.r?

#(}.9 ¡{øessapaqø sg' asÃa&opq.ão aqÃo cåeq? â.Ãoqro Ðg8¡epêq aq Ãww

sTE{.& '"TE{N .gi@ sadÁgqras ogggoads p{ãe sa{Ea$oo¿so oçggsads
waae?aq ?q.saasaåT'@ÂqåE Jro exuaiged ?qEê?sEsqß@r} (}q,Ã sE eiEaqå?

.se.g @S "g&{M q.sç passa"rdxæ aq Ø1 {r@@q{s qs@êq êÅeq4 Áa¡{?

T"E "þ 'rS



z5

F$.gnere" 5: Tracås3-oaat S.on $.ruvo3.v$.mg ckrs"omosomes g) Lfl,
and 3.8 wåt&¡ cå¡rosãBos@me 3,&. Sm¡ai.i. asg"@ws

$.sld.$.aate t"P¡e, o¡tcogesle s$.{"e as¡d the lgEfl såt"e.
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a3

F"å64*r'e 6: #-ffi8¡C 6egåe

T&¡e st"nq¡ct"n¿re c¡S- &8¡e ffiyc Eerbe ar¡d t"he sê,eps
$.clvo3.ved 5-ra syrat hesås of' t"B¡e pa.o{.eåra pæoduc*.s.

At t"9¡e, t"op ane s&aowm É"Bae t hs'ee es3¡e exor¡s, g.fue

t"namscc'åpt"åoraa3. s{,ag.t, si{,eg of t"&ae {,wo ma;fiou,

promotex"s ag'e åi.3"n¡gtra{,ed w$.tB¡ ar"nowg (trj. acud

tre)" lm {"he e¡ormaå ffig¡e 6esþe, {,&te ørea;gonå.ty of
{"nanscråpt s t enm3.s¡a{,eg ean'L5t, befog,e {"&ae

ne6$.oals ax'e ts.amscri.hed. Aftes. spå$.cårag, t&ae

ræRNÅ i.s {,pae¡spon{,ed â"o {,&¡e cy{,op3.asmau w&¡ene

åÊ,s cod$.mg åmfon¡maflåom spec$.fåes t"å¡e

syrat"hesås oá' t wo prot e.t_s¡s (m5rc-d. arad myc-Z).
?&ee raaa;Por. pr.oduct , wyr.-?, ås S.onmed åf"

t s'acþg3.at"åoru beg$.s¡s at" as¡ ^&ElG codog¡ sÞear" t"3¡e

begj.øaraÌ.rug @f {"&¡e seaoald exoru; i.r¡i.*,åat,åos¡ frocra

a C8JG codo¡¡ E?eac- t *¡e e,md of t B¡e f.fg.st eN(}rB

eesc,s3.t"s åm a s3.$.gh{"3.y 3.ar.gen pu'oteån wj.tB¡

i.den{"i.caå seqaaerece ex€ept, fos" *"&¡e addL{,$.os¡ of
1.4 on 3.5 assaino aci_ds at, t"g¡e amåsgø tec.mi.neås
(fficKeå&ham, 3.99@)"
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ag

sygÞt&Ees$.s @f t"he pro*"e.$.ra px"edwc*, of f.&ue ørycr arad *,fue &e8-e

6eËses, respect $.ve3.y.

TËue c-myc gecìe $.s made uap caf" B exoms asad ora3.y {,Ë¡e

secos¡d as¡d t &¡s.s'd exosls er¡code t"fue mgc poLypep{"åde w&¡åa&r

B¡as ÐNA b$.xad$-xag pnoper{"$-es. Snamscn$.p*"$.ora ås :ã.rsiÉ"i.as-ed

at" two gi.t"eg om exora Su pes¡,å3.t"åãÌ6 ¿¡! {,wo mR&.Ans. Tå¡e {"wo

t-ffi3¡û pPeosp8uopø'ot e$.sÞs Esave a mc¡Leccååas mass of" 64 k&a asad

6?k&a (F"ågune 6).
St"eÃdi.es of æagc" expæessj_os¡ ås! ffiE ce3.3.s sB¡ow t"E¡et a

decnease åar prote$.ru syrutPnes$.s çai.33- ån¡cnease effigo mR&l.&

3.eve3.s, $-rud$-ca{"$.re6 &&ea{" e03¡e expness$.ora i.s alegat,åveJ.y

x'e6na3.at"ed. TÊ¡S.s pg"oteåm aocaJ.d ac{, elt}¡er hy ø'epness$.alg

t nar¡scs.åpt"3.ora on hy acce3.enat åora of mgc mRHÅ degnrada{.$-ora"

Ðanl e{, a3.. (9984} 8¡aç¡e såuowss {,ß¡at, aarye rmRNA ås veey
us¡st"ah3.e; hav$.r46 a B¡aåf-l-åfe oÉ- X-5 mågbqå{"es åm bot,&¡ s¡onmaa3.

aftd tnansformed ce3.Ls" TF¡i.s i.r¡dåcat"es t"hat" mge

expnessios¡ ås comtao3S.ed tB¡no¡¿g&e tFae degnadaÊ"lom of $.d,s

ffißessage' hut S.t" i-s s*,åå3. poss$.båe t,hat" t x"ar¡sc¡"åpt"loma3.

coc¡{,r o3. eNlst s as we,3.3." Tå¡e ncncsean J.ocat,åos¡, Ð&tA

h$.rad$.rag capac$.{,y ar¡d a s&¡os't, 8ua3.f.*L$.f'e of c'-ffi3re pr.ot"e$.ru

(s@ mås¡qs{,es} su$gest t"&¡a{, i.t" is Lnvo3.ved $.r¡ aos}t"no3. of
ges¡e expre,ss$.ora (Cor.y, 3.9&6)"

Mo3.eau3.as' st"qådi.es have shows¡ t"B¡at" c&¡s.omoso¡me L4 wi.t &¡

t"he rmone dj.st a3. varåah3.e neg$.ora g:esles ane heås¡g moved t o
cåa¡:omosmom¡e sbqamher. L ls¡ most cases, t &ue e-mge gegbe &uas

he'eE¡ foqasld reerv'egÞged ß¡e.ad É"o &sead (g'*su) wi.t"&¡ tp¡e Ça¡

hqa& varlaüåosus do exi-sf", TSae oxa3.y consås{,eracy $.s t"&¡at"

û,$ue c-mrge 6erle aåways er¡ds up upst neams of am rg cornst ar¡t,

ne6åorn" T'he c-mgc' hneakpoåmt" may be scat"t ered ors eåt &¡ee

s$.de of" &he f$.s.sî" elrora, a¡ft"ers belm6 fac. fs"om t Bue

ãf-zr¡ar-.4-a¡at.a T @6&ìê tEnÞ¡a laæaaE¡æ Ã6 æBo*^*^o^** *oqmE-^* 4, as¿ vqÞÈ vaa v¡¿¿ v!¡¡vÞumrç aauBtug¡ -LÞ

6eaaena.L3.y are år¡ *"&¡e ¿a-swåt"ch ne6$.ora {F"å6ur.e Z}.



3@

F$.6nune Yz T'nasasS.oca{"åor¡ of c-mgc ("o f6&8"

Repnesem{,atåom of t"he lg&ä Soeus (A}u the e-ee3/c

.3.ocrßs (B), asbd as! exampJ.e of t"(@;3.4) BE"

t"pas¡s3.oca{"$.r¡¡¡ (C} " The V, Þu .f , re6$.oras ar"e

pon*"åoaas of t&¡e vas'i.ahle x'eglom geg¡ei E i.sË t"he

esuhamceg neg$.oruu S ls tÞ¡e swå{,cBa regåor¿ agad C

negioras as.e t &¡e comst"a¡¡& negfora 6erìes"
TB¡e, exosbs of c-üsna as'e i-ahe.3.ed l, Tl, asld lll"
the, dånect"S.or¡ of t"samscråpt,$.ora fs'qffi t &¡e t"wo

prowotees åm eNor¡ f. 3.s s&¡ows¡ hy t"he arc.owed

3.$nes" T&ue h3.ack dot s r.epx'esesat Þ&ilase f
&uyperserusi-t"i.ve så{,es" 3&¡e douhS.e &¡eaded

aÐs'ows or¿ Â, and I re,pnesemt" t"&¡e reg:lon ånn

w&¡icBa breaks t¡ccqßF $.s¡ 88,"

?he fg&{ chaås¡ gesee arad {,å¡e c-w3¡a. oc}cogesle ås¡

asì examp3.e of t,(8;3.&) ås¡ BE. ?'E¡e ffi3¡c ex@rås,

Tl a¡¡d lllu ane ømarked, as as"e d"B¡e swåtcBu as¡d

comst"ant" ne6$.oms of t"&¡e lg&ã gerae" T&ue egrg"@ws

S.ssd$.cat"e t he di.e"eat"åo¡¡ of t s"amscx"S.p{"$.ora,

I
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gf &. t.2 ?he fuc.8:e #eme {F"å6eøee. @}

?&ue bo8-a gieråe aaradergoes cåas"omosoma3. *,nasas3.ocæt"S.or¡

åsa @5% of cases of fo3.i.åcqe3.ar. åyrmp&aomas, 2W% åm di.flfqåse

3.ar"6e aeåÏ. S.ympBaoma amd S.@% i.ra C,{-g- ofr B-aeå3.s (C3eany

sg_eÅj_, 1985; Aiseraberg et, a.3."_. 3-988; Se{"o et" a3." , 3-9@8;

B,ee e&_gê-._" ggET)"

Ts"ams3.øcat"$-os'a of &e8-g gesbe Snom cÊ¡poæosoæae 3.8 t"o

t &ae *T* segmerut" of å"he 16 gerae a{, q&¡s'omoselffiBe hamd L&q3.2 åsB

& ae3.ås s.esta3.{,s åm der'e6qsi.at ed expeesss.om of t"&¡i.s ger¡e,

cacas$.ng euågh steady st,a{"e 3.eve3.s <¡ b,cl",-æ ffi?HN"& (F3.gatne

9) " T'&¡{s 6esue rrees'aarag:emes¡t" ås d¡¿e {"o mi-s{"akes i.sb VÞJ

.!oårud-ra6 (T'saaJ$.moto, e{, a3., , 3.985h}. Tts¡ås r"escÃ3.t"s S.Fa t"E¡e

*luxtaposåt"åonåmg of' &e8-a 6erÀe amd bx.årags i.*, qsrådeu. the
con¡*"poå of' t Bae l6Eã" EiE¡des' s¡os.rå!a3. cond5.t"åoms, {"}¡e 3.eve3.

of bc8-æ smRruA ås h$.g8u datrfuag pre-B-ce3-3. deveåopllaerat". Bn¡t"

as t"&¡e ae3.i. ø¡aÊ,ugr.es @F eppÐoaq&Þes tB¡e, nest"S.rag ce.3.3. st"a6e

{,Þae &c8-e mRBitA .Leve3. i-s dowm reguS.a{,ed (G¡rar¡i.sb6er qq_e¿_:_'

$.983, Chen-E evy e{,__êÅ_:_u 3.989, fficÐorar¡e3.3. g&_ôÅ_:_, S_989,

Reed e&_e¿_:_" 1989). As t &¡e ceL3. mat cånes åt s
i-rømauraogS.obqåååsa mRNA 3.eve3.s wå3.å s'i-se" Tf' at" t"B¡ås poåmt"

t&¡e &c8-a g:eme S.s broug&ut" wåt&¡d.ra the SgFS 6erae, the ba8-e
wå3.å he t nas¡sanåhed, 3.ead$.er6 t"o $.ncre,ased t"naxescråpt,

3.eve3.s, ÐF{.å seques¡ce da{,a fs¡dLcat e *"8¡at" fuct,-æ e¡¡codes

t"wo prot eåras by vi-r{,ue of a3.{"es.r¡at"i.ve sp3.3.cåmg,

desågnated as Ðc3-:2eq aa¡d Bc3.*âf3, w&aåctsa &¡awe pe3.at,i_ve,

ffi&sses of 26kÐa arad 2?kÞa, nespect"$.ve3.y (Reed g&__s&j_,

3.987). F-¡ract,$.or¡a{"åogh expez'$-merat"s $.rsdåaat"e t"&eat, {,Bue

Bc3.-Zcs ås 3.ocat"ed at" tB¡e åx¡rEer sa¡nface of Ê,&se ceå3.

røemhracbe, swgges{"S.mg a poss$.h3.e so3.e åra ma$.to6ec}åa s$_gma3.

t"ras¡sdqåa{,åom (&åa3des. e&_ eÅ_r-, 3.989}.
Ê4¡¡r9{ae e?rnæ *Þ¡a4 &rnaaE¡æ Fâñ ñFñîo* AG 4Þoâ RP n* Q9vÀaqv va9qñ9 vq¡E vuLgè vÅa v¡ag g v¡ v

negioxe of ê&¡e fuc?.-æ €esãe" T'håç geråe aocåsi.sû"s of- aú"
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aqra# ø*&eq lg a"rra#gg
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'aqãês ë-g,eq êq{? o? dÐ q.6@çãê.5 e ?e pê.$ê?süÞT3 sT qÃ@g.åa"ã

W.ãT'@dryeê"Eq .E@KÃgesa Ðq,å& .(@66& oneee4jgagag¡ euag @-&oq

aqå? #@ {qÃ@xa púgqå?} unogãa"a Saagponeroaa ,€ aq{? Eã8. pe.sê?satçp

sï' qrrçøê.s 3arçodqea"xq "xofreeæ êq{.8 "sq,s@Hê åa"ãE{? ?seÐT

gË



s6

F"S.gnane 9: Tc"aras3.ocat"j.or¡ of &c¡B-ø g:eË!e t,o f6Fü

Ag'nows $_sÞdåca&e t"he hneakpoåch{,s. g&¡e

t"x'arcs3oca{"i.os¡ appeacbs t o occqar dnar"$.a16 Ð-J

"ioånåmg of t"he ïg$l geme.
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"{*eav4

?{ãe?sqsoll V .suog'Sau (@} Á?Ts.ÃaATp Of .$êlqo Tïêø ê"sÞ a.sêqg&

'saq¡a$ cffia> êT'qeç*Ãe.å @Oc /&s@ÐT ?e seÃTe?qÃ@p srìao1 ac{&

.saxog$a"a êsaa{? dm oryecw ?eE{? ser¡n¡acìbas ôq,å? osïe
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og"¡goads aq? êøTqEÐ?se"jEBqðþ Ð? Fnrç.6øq cål .pê?eS?TqÃT
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q}:d

"$o$.ra$.m6 
C"lgnÞ segmaeruÐs"

As desax"åbed hefoee, reaomh$.mat"åor¿ of Wgg, Ð, amd 
"fpg

c>ccaatrs eaø"åy i-m B-ce33. dåÉ-fenes¡t"$.at"åosþ. T&tås wi3.3.

det"ermåme t"&¡e h$.radårag spec$.fåaåt y otr t Eue aru{"$-body"

TB¡e aomst"arat" (CEå) u'egåom ås åmpor"t"arat" i.s! {"&¡afl åA

medi.at"es effeat"oc fceract,$.orus, sqaa&¡ as r'egu$.red fon
comp3-emaemt" ff$.xaÊ"foua, es' ceoss$"rag {"kae p3-acennf,a'

T&ue t"o{,aL s$.øe of t he fgEfl 3.ocq¡s &aas heesl

appnoNåmat"ed *"o be A$@@-St@@ kb (Capz'a arad ffeacken, 3-989)

(F"åguN.e L@) "



4&

Få6nrx'e S.@: tr&¡e læræaqnmo63.ohna3.åru Eåeavy Chaåm GeEue

Schemat,i-c s'epreses!*"a{.i.om of t"B¡e fg&$ c&uaj.s}

gesle swå{"a&¡år¡g {.o glu"oduae t &¡e dåf.fesesat t"ypes
of åmmnsslogS.ohaeS.isls (fficKe$_t"&uara" $.gg@).
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gv" 4Å" PsåTeerê&jË_ AwÐ ffiH?es&es

Hat es"åa3.s

B"ymp&a s'sode h$.opsy spea$-meras were s'eceåved froø¿ t &¡e

Þepant mexu*, of tra{,Þaoåogy af't ec. sråE €ery. ?.he &,eg-æ

gemomåc pu'obe was domad,ed hy &r.. y. Tsne;gåmot o fs'om t &ee

W$.st aa" Ss¡s{"3.t cå*"e åsE FE¡S.3.edei.phåa"

T&ae pnohe ¡.åsed åcã &h$.s st"udy, was tå¡e S.5kh , EaoRl
* &8$.rudÏll, &eB -e geraom$.c fra6mere{, (F'ågaax,e g} , ã,Baås

pno{"o-oncogeràe &ha{, &¡as heer¿ obsex'ved t"o he Lms¡oj.ved ån
t"å¡e tnar¡s.Locat ion t (14;3.8)(qBZ;qzj.). T'&¡e proto-onc@genee
bc&-a gesãe å¡as heeus ir¡ser.{,ed ås!*,o tß¡e muJ.f-ipr.e cJ.oraårag

negåouu of, pstr65 aå" t"&¡e EcoRl - &li.cadrrl s"eså,råct åosa emsyme

si"*-e" T'8ae rma;lon hneaB<poi.sut" uegåora ås j.oaat ed wj.t"&¡ås¡ *,B¡is

ü"nagmemt,.

f V. 1" L CyLcåe&et i.c .&sÞaLysi.s

CuS.t unån$ Tec8¡s¡lqq¡es

T&¡e *"åssc¡e was f$.s"st" weshsed j-ra RtrMã 3-64,@ cora{,a$_måmg

ar¡t,åbåot las. ?&¡em uas$.erg st"e,ni.3.e scåssos's as¡d foeceps,
{,å¡e d"l.ssc¡e was mea!¡ac¡åca3.J.y ffi$.$aed to acB¡j.eve, a s$.n63_e

ce3-L øusperusåom wB¡$.c&a w&s t"B¡es! a3.åqeao{"ed j_sat,o pet u"d.

p3.a{"es" 3'o eacR¡ p3.ane 5 m3. of RFMI $.64@ ws.&B¡ arat j.blar{,åas

asld 282 fe{"a3. caåf sere.¿Êã$ was added, ffij.togeøas weg-e r¿ot,

added såsþce t"&¡$.s woe¡3-d a3-so ståmqe3.at"e tfue monmaå aeåJ-s *,<¡

dåq¡i.de amd orn3.y t&ae sporatasleoeås3.3r dåvåd$.m6 tumaox' cel_L are
hej.ng eNami.med" T&¡e ce3.3.s weee aq.B3.t"qåü.ed fos. 24 &¡ous's at,
37oc. @ne &¡onan hefore Baax"ves't,5.neg, @, @sg,e6zrm3. of coj.aemaj.d

was added, ce3.ås wes'e t"&¡es¡ trs.xed dm Bl3.o met&eas¡o3:acet,åa

acl-d fåx. T&¡ese were t"her¡ s*,oped a{, 4.'c ove,nra$.ght, &o

ai.3.ow gls'@per. fd.xS.rag"
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Cheomosome F¡-eparat"_åo¡¡

T'&¡e ssext" day ceå3.s weÐe washed seveE"aå Ê,åmes i.ra

fåxa{"lve hefone s3.ådes wese pnepaned. sl-j.des were s'$.cÞsed

åsa co3.d diøt,L3.3.ed wa{,er hefos'e qåse. Tü¡e sn*speras$.ore ofl
trlxed ce3.Ls weã"e dnopped o¡r*"o we*, s3.ådes.

weÐe ds'åed cåEldes' &¡u"$mi.d cosudi.t"i_c¡aìs"

TEue s3.i-des

G-bandåE¡6

S3i.des were aged for appeoxåmatej.y 8*3.@ days before
6-hamdåm6. Fos" G*harad$.rag, si.$.des wes'e ôs.ea&ed wi.(,F¡

t"rypslm so3.¡¿t"ior¡. Tnypsåm so3.¡¡t,i-om comsi-sted of Ø.gs%

saå j.¡¡e so3.ut,j.or¡ wåt &¡ t nypsj-ae" TB¡e soj.n¡t,åo¡¡ was at,
appnoxÍma{"e3.y f.?oc" Met aphase ae}.Ls wetre {,neat ed fos
ahou{" 4-6 secoE¡ds" Tfoe såides wetre t&¡em ni.s¡sed twi.ce .f.r¡

@-8s?c sa3.s.me, t&¡en s{,aLc}e'd Lra &% Gj.emsa for 4 månu{,es,

as¡d a$.n dråed. ffie{,aphases were s{,¡¡di.ed qrr¡der {,9¡e Ls.gfut,

mÍ.cnoscope. He,tagrhses wer-e a3.so photogr.aplaed.

"&ara3.ys$.s of e'ac&¡ met"apBuase cei.i. was mede $*nom {"R¡e

p&rot oge"ap&ãs. EJp t o 5-25 met aphases were st udåed pes
pat"$.ere*", arad tå¡ås depemded om &¡ow weLj. t"&¡e c&¡c'omogomes

has¡ded. Kanyo*,ypes were sãDade foc" eacB¡ pat,åere{,.

Tå¡ås procedux.e was q,¡sed pr3_or t"o j.ry sj..LEå

hybeåd$.za{"åo¡¡. s3.ådes t&¡at" wes'e 6-har¡ded wes}e des{,a$.med

*rsd used r'on t &¡e S.rs slt"¡,å hyhr"fd3.øat,lor¡ sf"eady"

Såi-des were a3.so G*barsded af{"es" år¡ såt u
hybnåd$.øa{,lora, "&fl*,es" deveS.opårug t,he s3-ådes, eaaå¡ sj.åde
was treated wåt"B¡ tnyps$-m fon 5 mj.s¡utes at" 3.zoc" sj.ides
wes-e pf¡¡sed ås! !ãorwa3. sa-T.s.see ar¡d tR¡e¡¡ s{,aår¡ed i_r'¿ GLemsa

fos S mås¡såtes" Aft"en st,aåra$.n6, the s3.j.deg wes-e *,nea{,ed
æ'û*Et 4æunæim @aa a*a4&^* F Mi*-.¿^- ^*i -À - !-^iñ¿ v¡å v¿ tErÞÅåE ¿ iJ¡.- €Eå(rir5Eg.E- :J üiñ.å,¡ËucrÉts aÃEEã srraJ.Ble@ AgAE F!

(per"somaå core¡mq-ãBli.aa{"åocÞ fsom Ðs" M" Ray} "
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rv" s "2" Åm $&&Ee__eðyhrå d åø_e&åem

Y&se t"echae$.que of i.sn så{"¡.e Payhr.ådåøa{"åor¡ &¡as bees¡ aåsed

{"o det eat" r¡cåa3-eåc acs.d hybrådåøat,åon¡ ûrs ayf"o3.ogj.ca3.

pu'epanat,åoat" TBn$.s t"eafura$-que a3.3ows for {"Ê¡e 3.oaa3.åøat"3.osa

of s$.m63.e a@py 6eme f"o spec$.fi.c så*"es Ðs'h *"he ahe'offi@s(}mes"

TE¡e ÐNA seqcnence ås usq.ea3.3.y 3.ahe3.åed wåt &¡ 3&ü on 35S assd

hyhr"$.d$.øed t"o met ap&rase spreads, Åf{,es' &ayhr.$.di.zat"åos¡ t"å¡e

si.S-des ax'e dåppe,d $.na pBuot"ogr.aphåc emuLsåom" SJ.fdes as'e

t"8uem deveS.oped aft"en appr"opnj.a{"e t,åm¡e z'eqa.a$_ned t o expose
t F¡e' emn¡3.såo¡¡ {.o s'adi.oac{,s.w$.t"y" TB¡esr t B¡e sl-ldes are
s$"aår¡ed É"or vi.ewlalg (Fl6¡¡re 3.1).

Fset reatmes¡t" of S3.S.des

Befone $.r¡ s$.d,qß hybrs.d$.øat,$.on, {"8¡e sålde &aad *"o he
üs"eated. HetapDuase spreads wer.e treated wlth panecneat,ic

R${ase A (Sågrøa), a{, a cor¿cent s"at,åora of' i.SCI Aiglm} $.r¡ Z x

SSC, p&ã 7.û. T8¡ås s&ep is u.eqr.e$.ned to FeffiB@ve RruA wB¡åc&r

wi.3.å o{,B¡erw$.se Baybr'$.di.ze to {,tee probe. A covens3.$.p was

pS.aced oa¡ eac8a sj.ideu arsd t8Ìers 4.8¡e såides wese årsatåha*"ed

a{, SZ"C fon os¡e å¡oun. T'&¡is wag done to r-eøaove asåy

endogeeror.Bs RH^å"

"&ft e,n orae &¡oqnr , t he s3.ådes wec'e gåsþsed ôhree t"åmes

i.su 2 x SSC' pEø 3" S3.$.des were t&¡er¡ defuydra{,ed j_m a
s€åccessl-ve alcoB¡oå se.nåes of 5@tá, 75."r',, assd gïzÊ, T'B¡e

s3.$-des gseffe 43.3.oøed *"o dny for. appnoxl-mas"eåy t&uree !¡oqås"s.

To den¡at"qåre t Þ¡e cl¡s'omosomaj. Ð&lA, sj.ides were
fmwes'sed Lw 3@% (voL/vo3.) des.orsåøed fos.maøai.deÆ x ssc at,
?@"C fos. two mi.mì,a{,es.

sS.fdes were tFees¡ was&¡ed i-m t"&¡e sqsccessi.ve soi.cåt,i.ocþs

of et harso3. as decnj.hed ahove assd aJ.Lowed t"o dny
oveu'nd.gBu*""
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Fågwee S.Í.: Schema$,i.a Repneserat at"lors of Tn S$.t q¡

Eãyha"$.dåza*,S.os¡ (Het B¡ods ån Emzynr*¡.*J', 3.987)
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SCHEMATIC REPRESENTATION OF IN SITU HYBRIDIZATION
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Fs"epas'af"$.om l>ff Ps'E>þe

T&ae pS.asmid w:ã-*-å¡ t"Bae b'cv.*æ geg¡e fnagrercrat was
åabe3.åed wi-*"Ba t"Eanee t ypes of" &s.åt"$.ad,ed a¡uc3.eo&ådes,

r3n¡øagn {.ãg üt/wmoj.}, EgmSøcgP (g@ ciÆamoj.}, E3&fl3drrtr
{.&6 {'lr'wr,aoå} (Ames.s&¡arm} alsÍ.ra6 t&¡e techraåqnae of. g'ar¡dom

pnåmåmg wåt"h oLågonarac3eot"ådes (Nay3.on s&_s&, Í.g@r> "

specåf'åc ac{,åv$.ty fon Ê,å¡e pnobe qåsed søas 3..8 x il-@vcpwzpag"

Ts'Lt,i-qåsw åahe3.Led pæohe was wasB¡ed .8-r¡ Tg% et&¡as¡oJ., aån
ds'i.ed arad x"edi.ssoS.ved åsa &uyhrådløa&åor¡ hqåffes'"
Fflyhr'ådlu at"Losr bq¡ffen comsås{,ed of 5oz del_onj.øed
fonmamåde, 3.@% dext"rasa sq.ei.fa&e, a x ssc, 4gmffi NaEã2Fo4"

w"L% sÐsp ar¡d 3. N Ðe¡¡hand{,'s so3.qs{,i.or¡ (fi-maå pEü of' tr.@},
T'8ae pnohe was hyhnådlzed at, a flr¡aj. cor¡ces¡t nat ior¡ otr d.@@

re6/rø3.,

The pu.ohe was desaatuned by Baeat"årag at, f0"C flos, i.0
m$.r¡qåt"es as¡d coo3.ed qw$.ck3.y $.ra j.ae. TBaj.s was do¡¡e pr.$.on

t o Suyh*i.dLøat i.os¡.

ïr¡ sj.t nå Ëãybnf dløat"j.os¡

Fon eaah s3.åde 35 g.aL of' e'adåoJ.ahe13.ed pnohe w&s
used. ^& covers3.åp was pS.aced om top of" tB¡e s}j.de a¡¡d {,å¡e

edges were seaS.ed w$-*"8¡ ep¡hhes' cement,. TE¡e så$.des wetre
{,B¡em åsec¡¡ha$ed i.m a 5@rd for.mami-de/z x ssc sat cnx'at ed
emv$.s.ocb@resgt", T&ue s3-i.des wesbe åmaqsbated for lg &¡oqr$"s at,
&2'q,.

.&f{,er *,åue åebcgåhat"s.or¡ t"&¡e rq,&hber cemesat, was¡ ¡permoved

arad fl3¡e s3..{.des weg'e d$.pped j.ra s@% fos'mamj.de,4z x ssc at,
4@"c to nemove {,8¡e covens].Í.ps. &!ext, tB¡e s3.j.des were
washed 3 f.år¿ses i¡¡ 5o% trorr¡aami.deÆ x ssc p&ü z"û at" ao"c.
TB¡i-s Ðeffioves {,he momspec$.fåca3.J.y honamd ÐruA"

s3-i.des wes'e {"&¡es¡ wasB¡e.d t"B¡nee t,åmes fa¡n l@ mi.nutes
i.a¡ 2 N SSC p&fl ?,0 at 40"C. Åf{,en thås, s.Lådes wer-e
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?'he 3.a¡cø*"i.os¡ qÞff eøcBs gr"a$.ea w&# sreç@sded,

gV" 3.. 3 Eoqs*"henrþ &åog râsÞai_ysis

cases {"å¡a*, were uged j.rn t P¡e å¡¡ git qå st"nady çfeg'e aågo
qused fos' so¡¡*,Baes.s¡ b3.o&t"ånag for aor¡f$.nwa{"åom of t"Þae års

si-t t¡ resc.B3f,s. cases t &aa*, sü¡owed a flew ae3i.s *¿ä
cþeromosorme Í.8 $.c¡vo3.vemerxt, were ai.so qßsed års ôfuås

araaSysås.

ÐslA eNt ract"s.or¡ agþd soqst &¡en¡r h3-o{"&å.a16 was penfozæred

accordlrug {"o st"amdas'd pnocednane descråhed åc} Manj.at,ås
{.198.2> hr¡$ w.i.t E¡ a f,.ew modl-fj.ca*.j.ocàs. ÐruA ${as dåges{,ed
wit"h tscoR3 rest"råct"åocb emu yme fos' z& R¡ns. as¡d s.&.sc¡

ovex'raig9a*. os! 3.% aganose geå. Gej. was pgeo{,ograpåaed as¡d

t &¡ea¡ h3.ot t"ed ovesF måg&at " &!åt"no trLus z@oo (ffiåcro¡¡

sepanat"S.ore ls¡a" ) wag qåged fon the soutüres'n tnar¡sf-er.
Fs'ohe qrsed fos {,8¡$.s s{,e.ady was {"&¡e B" SBrb wcg,-æ

genomj.c fragmeae*" reaeLved ss'orm TsuJåmo{,o" The probe (att
mg> was t b¡e¡¡ ¡¡lck t nansi.at ed nrs$.ra6 S0 dÆi. of. e*3ZF-dCTtr.
T&ae spec$.fLc ac{,åvåty of't&¡e r.ahe3.Led pnohe was 2.6 x d.@8

apffi/d.fg of' p3.asmåd Ðn¡4.

T8¡e b3.ot" was år¡c¡,eba{,ed fra pneåryb¡ri.dåzat,ior¡ g;oj.r¡{,i.os}

(5@z fonmaømide, 5 x sscu 5 mffi NaFo*, pffi 6.8, zs@ d.pglffii.

sa.Lmor¡ sglersm ÐNÅ, ar¡d 3. N Ðe&handt,,s soj.¡,¡{,åorÂ} ovec"s!$.gårt"

at" 42oc. Tåae pnehyhnådåzat,i.om soLq!*,i.orc was dumped out,
amd Brybrådi.øat,åom soLq¡t"$.$m wes added. T&¡e hyhn$.ds.za{,åos¡

sol.cat"s.om was t &¡e same as t"&¡e prehyhn$.dåøa{,fom so}¡.at,åom

except, t Þ¡at" åt" cos¡t"aåmed 3"@"r¿ dext nags sq¡j.$"at"e arad t &¡e

3.ahe3-3.ed &,cL-æ pnobe" T&¡e hi.ot" was t &¡eru ås¡a¡,¡hat ed
ovenmigBat at, &2øC,.

TB¡e b3.ot" was was8ued t&ue mext day fou' S msi_så, i.re &
ænlaqd *a* ^& 4 -" Ê{A.fá ^*J ^ æêr ñ&nÈvssv¿v8Ä vå a A À:¡lr\¡ qt!!t-¿ (J.i.!/o Ë1,¿Þ äq¡ FÐOf# ïreûffipepâqrMPe.

3'&¡e çecosld wagåì was ai.so at, r'@@m t ewupenat ur.e he¿{, {,hås
t Lme {"&ue h3.ot" was was&aed fog. i.S måEa. Tß¡e t"}¡i.s.d wash w&s
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HescaS.{"s

lss t"&?S.s s&aady, S*es¡ s¡os¡Eåodgkåraø åympãaoma wes"e exami-sled

cyt"ogeaee$,$.caå3y. Ywo cases were pnohed wåt"&¡ t"8¡e &.e1.-e

gerÅe us.Í-rag &he åq si.t r¡ Bayhni.dizat"i.os¡ t"ecRura$.qaae" 3&¡ås was

dase t"o *"8¡e 3-ack of 3.au.6e ¡¡q!ffi¡hen of ce3.3.s t"&¡aå. ås nequined
fop a st"at"i.st"åca3. arsa3ys$-s of 6z'a$.na dåstc'åhutåor¡. T&uese

{"wo cage p3ws areo{,Þaeg. såx cages wes-e q.åsed tron t"he Soq.å{"å}er

h3.c¡t, areaS.ys$.s" T&¡e remaåmlmg t"wo oqat" of t"&¡e t esh cases
wes'e r¡çt, Eåsed .3.s¡ eåt"&aer" lm såt q.E Etyhr.åd$øat"$.ors or" Sor,Ãt"&!er

anaï.ys$.s si-s¡ce r¡ot, er¡ough ma*.eni.a3. was aval-3.ah3.e. Tahi.e

2 ålst"s t8ue cases w&¡i.ah &¡ave bee,r¿ exami.cþed,
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Tab3e 3
q4sEE_ ÐF' ruqruEürÐG_KrruS g.,_gmPryg&e

CASH ffiWMBER AGE,/SEH

Å

3

&

Er

6

V

TYPE OF" N&gE,

55r'F" Þ$.f"fqåse 3an6e ce3.å,
åmms¡s¡obåast"åc " h$.9$r

gnade. St"a6e ff A

VT/W Ðåffle¡se 3.ar.6e
raos¡c.Leaved aeJ.3.

lr¡{,ec.medi.at"e gnade
St"age lV.

57 /M Ðiff¡.¡se Lange B¡<ls!-

c3.eaved ae3.3.,
fuat enmediat e {,o Bai.g}a

grade. Stage lV"

F"o3.3.åcu3.an src?aå3

c3-eaved ceL3..
F-ow {,o året encmediat"e
gnade" St"age T"

Ð$.f'fuse srtla3.3.

S.ymphocyt"$.c,
ü,ow gnade"

Ði.ffuse Large
reoslc3.eaved cel3.,

lr¡t ermedLat e g:nade,

F'oi. 3. åat¡3.an 3.au'ge
aS.eaved ae,3.L.

Tn{"enmedåa{,e 6rade

4,!lffi

&3.lM

&8lM

wv lw
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Tabåe S-corat*3.s¡cåed 
"

CA$H ru{¡ffiBHR

g

s.0

AGHIgHH

V3 lM

57 tM

T3lF

SYPH tF" ru&ãg"

F-oå i. $.cq¡3.as' scmal- 3.

cS.eaved aeL3..
F-ow grade" $t"age lV"

Ðiflfs¡se Lau"ge
raomcLeaved ae3.3."

ls¡{"es'medåat e gx"ade"

Fo3- 3. $.cqa3.an sma3 3.

aåeaved ce3.i."
Eow gnade. Stage TV.
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Case I

Cy-{"o6e&e*, :L_c Hesq! &*rs

Þ$.ftru.ese, 3.ange ae3.3., åmffiuraoh3ast"j.a åyrmphoma
Eü$.6h 6rade

Tå¡ls 55 yean o3.d womas! pz"eseãbt"ed wi.&h a foqffi' mor¡t p¡

hås*"ory of i.rs{"e'rmå*"{,enf, ahdomåraaå pa$.ra, raot, assoas.a{,ed
wlt"&¡ acÌopexi.a, Elaeåsea ox' vomåt,åm6. A cg' scanrafmg of,. t&¡e

ahdomes¡ s3¡owed swe3.3.åaag ac'oqåmd å"&¡e P¡ead of t&¡e päaìapeas.

A tro3.3.ow {åp scarg comfånsmed a sffiass aor¿fåue,rat wj.t"&¡ flhe
ne{,r'opez"j.t"o¡¡eaå 3.ymp&a nodes. NeedS.e hi.opsy sa,agge,st ed a
ma3.ågraara{, S.ympBroma" T&¡er'e wôs råo hd-st ox.y of feves' ac¡d

c&4f3.ås, amd wefgB¡t, 3.oss of v Lhs" o\¡er" the pne,vj.oqås tå¡z'ee
sftoüÌ*,hs wag obseg'ved.

Fnåos" t o f,cånt"hen åravest,ågat,åon s&¡e was pnesemt ed t o
emerg:emcy wåt"h per.s$_st"ent, e,pigast nic palnr. Fhysåcal_
eNamår¡at"i.on nevea3.ed a f,uLrness of, t lae epi.gast s'åcÃm. T,g¡e

3.Lver edge was pa3.pab3.e as¡d tB¡ene was no sp}eruomrega3y .@F

3-ymp&uademopa{,hy. s&¡e pnoceeded t o S.apanot ormy wf {,&¡

extemsåve i.s'¿{,¡pa*ahdomåmaÌ. ma].igrnaret Lympp¡oca}a (stage rr}
i.mw¡unob3ast,i-c, &uåg&r 6nade wlt"h B*cej.3. plaeraot"ype (wor"kf.n6

F'onmsqålat,å.ors) was foucþd" Så¡e was tx"eated wft"F¡ HAC@F*B

re$d-meua wåt,&a exce,3.3.er¡n" Fespos¡se t o a&¡emot heFepy, amd
"--s'er¡lai.ns wei.L 6 moreths post":{"nea{,mesb{" wj.tB¡ s¡o evj.desìce of

S.ympBaoma"

cyt o$exaet"åc ar¡a3ysis j-sÀdj.aa{"e at J.eas{" t wo cåos¡es ofl
ce3-i-s. Th$.nt y-ome ce3.3.s sres"e araa3.yzed. comhår¡ed

kanyot ype oÍ' t he pa{"ierat in SB, XXr +d.p-, +S2 +?r +9, +n3. 
" 

åra*.

deå(L3)(q3.S-ql4> ,t-{.3,&; lB}(q$Z tq"ALS ,+23-o #Þfid , *Þte" +ffis
(F'$.gune S.A>.

T&¡ås case exhi-hi.ts a tnargsJ_ocat,i.orc t"(14;lE)(qBZ; q?;3,3

åsa 3.$ q¡q.Bf, of sÍ. çe.LLs e¡rami.s¡ed" Ås¡ot"p¡es' l.$ aeÌ.Ls sg¡ow ft
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ãTðe se (?Eb€rb)(sç)T@p *-;ï-*:;-;it--:'':-;=ii:X":J;
rsT'V 'senhgaanqsag #wgp{åeq-S p"Ãepue?s #axçsru p+T"3ig.?4rapg aq

?$Eã8üeþ Ðçi6@soeå3o-ãq{3 .ã@Eã{}p êq{? ?Êþq 
t&aågog(}&so.ãqgþ *gêryisew¡ +þ?E

9g



"#sdos?åT'êp pwe sE8Õï?esoTSqsE"E?

uT pÐ.eToÅEåT', SC.ãOT8Ðü Teeåáosoe{Áo.Es{3 eo{.gs

spBêq åo.€.ãe puÞ sêTe{åosT,.ã? ê?e3Tpuï. seÐ"r"Ev

' Të+' {.VZbf Zeb} (EE 5 Vç>g
' ( g Ehg Eb) ( g r) Têp' Ev+*' 6+' g+' ¿+' s+ o-d T* 

n 
KX' gg

"ape"øS r¿8gq{ neaøoagdeør{g 3ç?seïq@qåEÌe{eeg ã.T.aa

a$"xeg êsra.$ST'p .JIo adÁgoÁøe:4 êAT?e?{.Ãêsa*dag :gç aunsgg

¿"ü



5B

ww wffi wffid wffi# wffi wffid ffiw ffiw
é789r0il12X

d

wffi

II{i{*ww *ww ffiw w ffiw *w&
t3 ì4 ts ló 17 tB

sw rys **J w6

¡92t21 22Y

t{
W# ffid ww www

2345



" {eE ê.xEaFT'd} -bgç
'+n"þT oÃK ogg sT Ðses sçqå? .aog adÁ1o^,{.rery êÂT,?e?qÃêsa.¡ds.r

eq{"6 'e@iosowoqåÐ .ãêry"re{& +b@S êq? pËq sTTâo ÐruT,M .-bgç
E¡e ã¡seq{ oP ( slTêi} TT/W> sÏ'l'ê3 AÐ$ e êÍ}&Ss gT êeååosoeeÐ.ãE{þ

c{¡oi[r¡i êq .Ágqçssod .de¡¡¡ ?f .ÁXeje.rnooe paTST?q¡êpT êq

?ou PTsuos ê{å8osoa40o"Eq{þ .Ãowop ac{& "ê¿{!osou8o.ãqã:} .rÐry*Ee¡ro +bÞT
e "$o ascrasa"Ed êq? pêT'eê¿sê.ff sçs^ÁX.areexe og?êq.Ãê#ojÁp

"696T rjsn#nry pêTp âE{ .@?Þ.Eog.axð?êp

o? pêmq.ãTe.{ãoa ?Eìq r{de.rar¿josasêq{5 q?.Te pa?ea"E? se& pt¡e

augs apo{.ã c4drør{n q.ET' êseâ.¡oug pê@oqs rueos &p .sag,?og.qg?cae

q{?Te pa?eÐ.ã? se& af.g -qr@T?pa.${sg ?ee.Ã? Á.xeexg..zm

pwe .xaaa"& q?Se 6g6S go anrruff etg. pa??gqÆpeê.r se@ a&g

"sêssÞu3 TeraTsê6@pqe 
"F{} 

qåoï'?3rbpa.Ã 3$?Ð{#e"ãp see
Ð.8êq{& 'ddOM-þ q{?TÆ r{de.xau¿goÂuêq{3 c{?Tø p#?eÐd? seÆ Ðgå

'sð?Tose pqÃe sso1' qag$çaø peq{ eËå .ewon¿dcru.dg

+pe.øS Ð?eT'pee{å,Ãê?qÃT nacËÁgonu+4ãd:ffi .Tïap pÐ.eeêlÞq¡oqã
ras"reç pê¿âÐ${s ep$qÃ r{"xen'g'gxe ?E{&T"s @J@"s.$ ageeuço+ds ÁsdoT,g

"r{nggedoaxepeqdoøÁg' paøEgeuanae$ pqfie sse{å, T.ts{.ÃT,wropqe qåe

q{?gffi paguxase"rd EãeëAå pT'@ æea¿( ¿"¿ w n@@68 ¿øaqogag cag

6g

ape.rÞ ê?eg'pÐå$å.sê?ryg
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6ffi

Flgure 3.3: ffii.ff-use 3.aege rsos¡a3.eaved ce3j. J.ympBaoma" lf-s
reglresesat at,i.ve kanyot ype i.s 46å Xy,l4q+, åSq-.
Arrows i.s¡di.cate cfsnor$osomes åmvoi.ved åm

t"rar¡s3.oaat åoms.



6l

wffi ffiw ww
345

ffiffi
WW

I

ffi:W W;W ffi,,ffiW Wffi W,ffi wW W
6789101112x

Ww

{/

ffi,**ffi:,& &,ffi WW 'Wffi*W,&

¡3 14 ,¡5 ló 17 18

W,W WW &w @".ffi ffi
192021 22Y



øå

frese S ffiC.fflnese, 3.aa"ge, suoz¡cLe*ve.d cei.å J_ymaphoær*

lEat es'wed$.at"e t o &aå6h 6x"ade

?&¡ås 57 year oåd i.r¡di.vådq¡ai. pæesem€,ed wLiçþu

$-slcne'asj-n6 6ee'ut,3.e as'¿d dqåj.3. ahr¡osr¡j.maå pa$.ra. wy trT scam

amd q¡3.{"rasoqåBbd t,&ee pneses}ce of åymphoma w&s j.mdj.aated.

T&¡i.s pers@ra was dåagr¡osed as fuavimg gtnaålgnaarat, J.yrwphouama,

d3.ftrq.¿se åaa'ge, raoracS.eaved aei.i. çvå*,&¡ j.r$Emr.åslohj.ast s,
ås!{,enffiêedi.ate t"o hlgåe grade (wF"} (wi.th B*aej.j. phenotype}.
R3.6h& P¡emLc&¡o3.e,ct omy ar¡d peseat,j.or¡ of mesemt eæ$-a åy¿r¡p&¡oma

was perfonmed hc!{, sbo{" a3.3. of t&ae ].ymp&¡omas was s'esected,
horse. marrÕw wes rÅegat"lve fa¡g. t qsmon.

s$-xt eeru met,ap8uase spz.eads were ama3.yøed from t E¡i.s

pat $.ent". Each ce3L ex&slhlt"ed vanLoqås aå¡rosr¡osomai.

ahes'$at åorþs" The pLo$.dy of' t&¡e aei. j.s eNamås¡ed a'am6ed

fro¡r¡ ffi'^9.2. ce3.3.s Euav$.ng so c&¡s.omosog's?es were obsex'ved
n¡ost" o${,e.g¡,

Thr"ougår cy't"ogeruet 3.a ar¡aåys$.s, ft kaz"yot ype of û"ß¡e

pa{,åemt, &¡as hee¡u det"erm$.¡¡ed t"o be S@, HV, Zp+,*S,+ånt,
de3. ( 3. Í. ) (qf. 4 ), +l&, de3. ( $. S) (qa5q{,.er.}, +3. 6, *n g, #ffi ¿ (F'J.gure

3.4) "

ls¡ 6&¡ls case of d$.ffuse,, 3.arge s¡omaåeaved ce3å
3.ymp&aoma, åart, de3(ll)(q3.4) i.s ohserved pnedomlraant,åy.

Nex{,, corffi&?om c&¡g"osmosoma3 ahmormaS.$.t"y obsenved ås the lgbt,

de3.(3.S)(qLßq!&), F"ew ae.å3.s do e,xå¡$.båt" & 3"&q+ cÊ.ranken

cft¡nomos<¡me, T&aougår 3.8q* $.s ohsex.ved j.su flwo aej.J.s åt"

cammo{, be ssld t"F¡at, t"ft¡e S.4q+ ås & t,(g.d;lg} c&¡c,omososð?aå

t ra¡¡gåoaa{,i.osa" ?fr¡e ext"ra c&¡nomosoma3. mat es'åa.3. c&E} he
fnom t"E¡e amot B¡er cB¡gomososãTe.
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¿t¡{*** Ãq/€9.þç 1& Fo3.3.$.aqå3.es' sffie3.1 c3.ean¡ed ce3.3. S.ympBuoawa

Ê-øw *,ø åg¡t"eg.medåat e 6g'ade

Oaez" cyf,ogenaeÉ,åc st udy was @ã! a 43--yeas' o3-d ma3.e wB!@

Fepresenzt"ed eai.{"Es ash 3.8-çseek h$.st"oz.y of 3-ef"t" ces'vi.aaå

S.ymphaderaopat Bry cåmï"esporìsåve t o asat"åhi.ot"i.cs. E{e sqsffened

df saormfort, otrE ûpeflEåE[g h$.s ffis]Eåt"h b!.a*" t"ftnere was rao

dysp8aagla. &Ëe wes e kþeevy dnår¡ken ared sffieokex', hqat, wôs

ot &¡ec' wi.se hea3.t,&ty, Fhys$.caå exam$.r¡a{"fo¡¡ nevea3.ed a 6cm

mess år¡ t &¡e 3-ef't" q¡ppeï. meck. Tü¡ec'e was g1@

åympåaadenopaf,&uy oN" &eepat"osp3.emome6a3.y, F'S.uoroscopy w&s

megat $-ve, Exci.såors hS.opsy of ün¡e ffiass aor¡fi.nmed a

rmaåigerant, S.ymptaomea, f'oå3.i.cn¡3.az' sma3.l a.T.eaved ae3-3." 3.ow to
is!{,eã'medi.at e gx"ade" St ag$.rag pnocedaar.es cB¡es{, X-nays,
abdomi.na3. CAT scarl, hi.3.atena3. borce mas-c"o@ aspår'a{,es and

h$.opsles were negat,$.ve. F$e eras t"neat ed wlt &¡ 3.oca3.

radi.otherapy t"o tB¡e $.r¿vo3.ved r'¡ec&< r¡odes ar¡d nerøai.r¡s we3.L.

lar t BlLs part åcu3.&x' case of foi.3.åcu3.aru sma3.L aLeaved

4e3.3- S.ympBroma, t"B¡e {,(14;l-8}(qSZ;qZL) cF¡c'ûmogomaÌ-

't"eans3.oaat"i.or¡ appeers û,o he t"Pse maJon chrom¡osoma3.

ahenraf"S.on. TEue pnesersce of t"(8;l$.)(p2Í.;q3.3) E¡as heer¡

det"eaêed åc! 24 of t$¡e 26 ceå3.s araa3.yzed. Two of. t3¡e

ce3.3.s di-d såot, &¡ave the t"(8;f.3.). Tni-somy 3 appeans lrn lT
ce3.3s w&¡i.ch¿ a3.so exÏ¡lhåt" t"B¡e t"(E;3.3") ar¡d t tl&; lE).
E osses of cE¡nomosome I ar¡d cå¡¡roffirûsome H ac'e seem 3.s¡ 3.&

and I ce3.3s, respect"åve3.y" Flån¡e oq¡t" of 26 ce33. B¡ave aå3.

*H, t"(8;3.f.), t,(3.4;3.8)). Tts¡e nodaL r¡cãmher' ramged fnom

&6^e8 cfuromosorr?es. Varåoq,ås manken cFanomosomes wese a3.so

pnesem*, (F$.gr.aï.e 3.5) "
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w.&8?sTsuû3 o{ã pêeo{ås sçsrdgenre nçgar*a$oq^Á$

'2áOC cÃeq? ssÐT se@ qãeï?egradod T'T'ê3 a$.xe.X "çadÁjocrarqd

Tl'@p-g) ape.r# ø@T osa.xraj.eag pgoj"Áoeeaosegd s{?T@ ewoqdeaaz(ç

nggÁoor¿dw^69 T'T'ee&s êsn"$$Tp 8x,xgaen6 sE pasou&egp sea

ag{ 'e{'T'TXÐ ?.FaT as{? eq{r.E.g apûqã ngdaruÁn e J6 q.Ã@TsT'pKa 
"sd}.}i
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0:/

F$.gnane 3.6: A case of smaJ.3. åyruap&aocyt,d.c 3.ymp&aoma wåt"h a

ï'eps"eserbt"ed karyo't"ype of 44 ,HY r+7, -l 
" 
-8u *AT ,

de3.(3.3)(q13; q3.4).
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Tî

üase 6 Þ$.&-fqåee åaø'ge momc3.eaved ceå3. S"ymphoma

lr¡t"es"sffiedåat e gnade

?E¡ås &@ yeaw o3.d emam px"eserut"e.d wi.t"&r Lyrmp&aadealopat"hy

år¡ t"ftee 3.ef't" {.sppez" c&aeek" h¡.st" o*"&!e¡'wåse was asympt"omat"åc"

&{e was d$-a6nosed {,o Þ¡ave d$-ffuse, 3.an6e r¿omcS.eaved ceå3.

3.ywtp&aonra ofl i.ratermedi.at"e gr"ade" &&e smoked å¡aåf' a peck of
a$.6aee{"tes a day fon l5 yeaæs arad qult Lrz lgVã.

Cyüogemet,$.c areaS.ysS-s showed mun.{,S.p3.e cB¡s'omosormaS.

abraors@a3.S.t"åes. T'ü¡ese cÊ¡roc¡Bosoma3. ahE¡on$raJ-åt,ies were rsot,

cor¡si.st"eE¡*" a¡¡d vanåed fnom ceLL to ce3.3. Tå¡nee ocåt,

of 1& ce33-s dfd s!¡ow deÌ.(3.Sql&) and 3.4q+ hut, s¡ot, j"m t"å¡e

same t"&anee ae3.Ls. ALso vaei.ocgs rsrarken cÞ¡norsÌosomes weÐe

a3.so preseret,. T'&ne pneserlce of- r¡ons¡sa3. ce3.3. was ai-sc¡ qte:ã.t e

preveS.ara{" (F"i6ure LT} "
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F"$"gune l7: ^å ditrtrr¡se Sange rso¡¡c3.eaved aeI-3. åymp&aowea

&aavåmg a reglreserat at"S.ve kanyot ype of
46, XY.
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È7Å

Çase 3, F'E¡åi.i.asååaa" ].arge c3.eaved ce].3. Sympo&rome

Is¡-4"errffi ed i.a&e g:N'ade "

T'&¡i.s masã i"rt Nov" îg@3 " px'esemt"ed wi.{"}¡ aE} amt"enåos

J.eg 3.esåora. E$e was dåagmosaed {,o å¡ave ma3.$.gnamt"

S.ymphowaa" É^o3.3.åcu3.ae åar"ge aåeaved ce3.]. wåt"&¡ dåfÉ^q¡se

areas (8:ce3.3" pBaeraot"ype).

T&¡ås pant åcu3.aï. case B¡ad vani.oq¡s nar¡dom a3¡eomoeoma3.

øbsaopmaåS-t"åes" The peesea¡ce of Lq¿+ ås obsec'ved i-m 4

ceLLs <¡es*" of I ce3.ås arxaåyzed (F"ågnxr.e S.8).
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â6.{? palçê¡\ê;[ sgs.{nerue nçgaaresogrdn 'palnadxo ffd

"e3'uowråeud wocg pêTp "jra?eg

aEg '"{de"aan¡1oTp8ú q?Te pê?esiE? see êq pqse pê.Eê¿{oþsTp see
p*Eoo ¡eugds au,gq. $uxça1@rsuç .Eoae¡n? e 'gg6ç o.[aq&&aea@ qal
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ddûH*p q{?TÆ pÐ?ea"E? s€& Ðeã ngg6l '"roqwajdêS qÃl
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frase 9. Þi.fflqåse 3.ange mo¡¡c3.eaved aeå3. 3.yrmp&ucema

lr¡t enmedåat"e gnade.

Tå¡is 57 year. oåd maaåe E¡as a Z yeas. &a$-s*,ory of
preauråcqå3.ar rßass" No modes as'e åmvo3.wed as¡d

t"&¡es"e was tuo @sgarÀûmegaly"

fs! 3.981 he pneses¡ted wåth a Scm x 3cm ffi&ss, &üe had

m¡atted r¿eck ma¡des amd Large t"oa¡så3.s" Ffle &aad s¡o fevex"o

m3.ght" swea{,s, os" 3.oss of appet,lt e. TB¡i-s mam w&s

dåagmosed t"o tseave di.ffqase åange, r¡oncleaved ce3.i" S.ymephowra,

i.sut"e¡'medåate 6nade (B-ce,l-3. p&aeruotype)" ûme hrot&¡ec' ÞÌas

S.eukemal-a.

Cyt"ogerae,t"lc anaS.ysås s&¡owed mu3.*"åp3.e c&cnos¡sosoaraal.

ahs¡onma3.å*"ies. T'åae nepr.eses¡{"at"i.ve &<anyotype i.s &7, Y,
*K, *3.1 u{&q+, Í8e-, dei.(23. ){.q22} ,+M (F"igure 2ø> .
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E3

frase f.t.

Sevet"y*sever! yeer
met ast at".i-c hreast"

F"a13.3.$.cna3.ac" sma3.i. cS.eaved aei.3. S.yrmoBuoma

Eow grade

oåd wc>ffirasþ presemt ed wi.t Er

carcn g!û$ma wå6&¡ abdosseir¡ai.

.LyrmpRaaderaopaå,8ay, and bi.Latera3 p3.eaanaJ. ef^fn¡si.o¡r. Fi.ealnaL

fLuld cor¡t aås¡ed ahr¡os"ffiai- 3.ympåeocyÉ"es, sÕffi?e of wE¡åcBs wes'e

cåeaved : seasp3.cfoqas but" mot, d$.a6raos{"$.c of 3.ympftromaa,

3'B¡ene was gïo t q.smor pneser:t, lm hor¡e ffiarE"ow asplnat"es ar¡d

hiopsies" S&¡e de{"es.íoz"at"ed fc¡s"'t"hen w!¡i-Le i.m t"B¡e process

ot- t neat memt fon NEå[,.

AJ.ong: wLt P¡ vanious rar¡dom ct¡nom¡osoma3. ahnonma3.it"S.es,

cyt ogeme{"åc as¡ai.ysås s"evea3.ed t he expeat ed t {.L&;3.8}

c&nromosormaS. ahraorma.S.åt y (F$.gtane 2,3,>,



w&

Figune 2$.: F"o3-3.i.cq!3.as' sma3-3. c3.eaved ae1L S_ympåaomea

havJ.ng a r.epresesÈt at,Lve kanyot"ype

&6,NW,-T ,A(.Å.&;3.8)(qSZ; q2L) ,*Ms. "
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lrn 
_ 
S$.t"qå &ãybråd3.øat"$.gm Reryqååt"s

Im såtg3 hyhnådløa{,åom was pea.fosmed uaså.ru6 t"3ae &.cï.-ø

pu"ohe. ûase 3. as¡d aase 3.t ex&¡åh$.ted accursrteJ.at,$.os¡ ora t"9¡e

f-4q+ mag'ker cä¡rome¡somae. Ðcåe t"o EÅgþeverå spneadåmg of
er¡¡¡¡åsåor¡ ore soswe of t"&¡ese s.T.ldes, t"B¡e araaåys$.ø of so€ffie

met,ap&ease spneads was not possi.båe sirece S.ß¡e t"håckr¡ess of
t"he emq¡3.si.osn di-d ssot" a3.3ow f'on {"Pse barad3.rng and st"a3.m$.rag

of t&¡e cP¡nomosomes, ?B¡e hes{, spneads sßuox*$.n6 gnafms were

phot"ognap&aed. T'Eae pnfrat"s wene anaS-yzed. Eac&¡ gnaåua was

aoq¡m{"ed a¡¡d t&ee J.ocat"dore of the gz'aåns was treconded" T&¡e

frequeracy of a 6z.aåne appeanÍ.ng os¡ ttue l4q+ cB¡rosÏîosoffie was

det"epmir¿ed,

ffiet"apåaase spneads çbt aås¡ed fn<¡m penåphex"a3. h3.ood

S.ymephocy{,es dPtsE"} was used &# a comt"no3. (Ffgnure AZ>" A

{,o{,a3. of'9 graS.ra {"gr2@, &5%> (P < l@-ng} were ohseeved ou¡

c&¡romosome l8qäf. (Flgwre 23),
ft¡ c&se 3-, t Ë¡e case of, dLffc¡se 3.arge ce3.1u

fmme¡r¡ob3.ast i.c X-ymp&rorara, bcB-e gìesbe movemer¡t, was det eat ed
(F"igune 2&>. A tota3. otr såx gnaS.ns <6.96%> (F
were obsenved os! t"å!e 3,&q+ mas"kep cF¡romosome (F$.galne 25>.

AJ-so arsot"hen ce3.3. showed gr.aåra di.st nåhq¡t,i-om @m

c&¡rosmosome hand LAqZL (P < 3.0-3) ar¡d i.n t Ë¡ese ceLLs t &¡e

l4q+ dÍ.d s'¡ot" exB¡S.hft, any gø.a$-res. Thls ôppeôrs t o suppon{"

the cyto6ene{,$.c araa3.ysås wå¡eee soffie ae3.Is eNB¡åhi-t" {,&¡e

t {.1&;3.8} çÊ¡nonr¡osoma3. t nas¡s3.ocat"i.on amd t he ot &¡en aei-3.s

sB¡ow a 3.4q+ ar¡d tft¡e cp¡s'ogmosoffise 3.8 appeâc's mog'm¿3""

üase i.@ i.s a foååi.aqååan sma3.å aåeaved aeL3" S.ymphoema,

T'å¡$.s case a3.so exhåhi.t"ed &c8-e g:esle movemerct" t o
cå¡s.omosoavae 3.4q32 (F-fgune, 26>" A to*,a3. of
were <¡bsenved ora f.4q32u (tr < 3.0-Í9> wt¡i.cB¡

4Þ¡a TæEã l*ns¡d /Er{ætrs%Ã 3?\vaaç._ Ã6¡a ¿vkqÞ \a 45sÅç ûE /.

6na$-res CS3.%)

t"å¡e si-t"e of
t3
åþ
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F$.6nane 22: Fhoû"o6u'aph of ame{,ap$aase spread fs'om trB["

&aybn$-dåzed wi.t"Þ¡ b,cB.-æ ger¡e trz.a6ment,"

Anrow åndåcates c&¡nomosome 3.8 wi.th a gna$.rn.
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eg

F'$.gure 23: &ã$.s{"o6r'arcr shossi.mg {,Bue dåstri.hclt,i-o¡¡ of"

gr.adras from 2@ meüap&aase spneads. Â fui.ghåy

signif$.caart, gnaim depos$-t iocÌ cas¡ he seer¡ at,

t8q2l.
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F$.guee 2&a:

Ff.gure 2&b:

G-har¡ded met aphase spnead of, åmmunohLast"i-c

åyraapBuoma. The âl"now i-s i-r¡dicatåalg the S.4q+.

trårot ognapåa of sasfle spnead af"{"en i¡¡
si.{,q¿ &ayhr'ådløat".{-os!" l'å¡e anæow $-s p@Lsbt"$.sÞg

aÊ, t"fr¡e s$.t"e of- hyhr"ådLzat"i.oc!.
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Fågnane 25: E[ås{"o6nam s&sowlr¡6 gz"a$.m di.st råhq¡t"i.osì of hoüh

cB¡nomosome l&q+ asÞd r¡opgt¡a3. c&¡nomosome f.8

i.cÏ .$.mmcåmohåast"åc SympBaoma.
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F"lgnane 26at Flaot ognap&a of, a met ap&aase

1@, fo}3.åcn¿3.ac. sn¡al3-

S.yrmphoma. TRre ana-Ðw

såt e of hyhn$.dàøat,åos!"

spnead fs'om case

cl-eaved cel3.

i-x¡di-cat es t"he

F.$.geax"e ?6fu: T'hi.s ls anot &uex" met aphase spr.ead of, t he, same

çâse t"&¡at" &uas bees¡ G*basbded aft"ec" år¡ såq"u

hyhr$.øat"$.ora. T&¡e aenow ås¡d$.cates t&¡e s.$.{,e of
&ayhr.Sd$-øat"i.os!"
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F"$.gux'e 27: Fü$.st"ogram s3¡owdng gr.aåre di.st"rlha.¿*"åos¡ of g6

mre*"aphase spneads fgom¡ aage l&"
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Sor¡t 8ses"sþ 83.ot" fu!a3.ye_i.s of E*å#Bbt" CÉrses of N&lE

Þ"i-ve cases of dåff'n¡se åyræphoæaas asþd 3 cases of'
foL3-åaa¡3-an S.ymphomas have heera prohed wåt"B¡ t"he &c8-æ g:erÀe

fnagmemt, (F'$.gaar.e E, p6 S4). @xeÌ-y I cases were st"qådåed årÞ

t"Bgås gg?arårber såg¡ce maf"eE laL foe t å¡e o&Þ¡eg Z cageg weee r¡ot,

ava$.3ah3.e at" &B¡e û,fume,

TÞ¡e f$.rst, }.ar¡e (A) co¡¡t aårcs t &¡e À.ffii 
ndsãs smas'keg' þruÄ

(F"Í-6une. 28). T&¡$.s was qåsed ü"o sLze t"he fna6mem{, of ÐruÂ

de*,ected wi.t"&a {"he bc8-e pnohe.

[,ar¡e (3.] cor¡t"ais¡s ÐFi[A fnowE case t (dåÍ-fqãse 3-ange

aei.3.u imrøruraohi-ast"ia S.ymphonaa, Ra$.g&e gnade). T"hs.ee har¡ds

wene detected w5.t"ts¡ t"ft¡i.s prohe. T'he germJ-ixre hand belrag

appnoxf.rmate3y 5.7Þ<h. Slnce tå¡nee hands wene de'teated iU
ås most, probahJ.e t"&¡at t he hreakpo3.nt, occcås'red at" t"&¡e

ma;$or hreakpoåmt" regfor¡ w&¡åc&¡ ås troq¡srd wåt &¡i.s! t"Ï¡e prohe

¡¡sed i.s¡ t"Þ¡i.s st udy,

Case 2 seer¡ år¡ t"he next, 3.ar¡e $.s t Þse case of di.f,fuse
3.ar.ge noxuc3.eaved ce^3.L 3.ymptrlome" TFU$.s åasle a3.so aomta$-r¡s

S bands" 6es.m3.åme bar¡d ås J.ocated anoq¡r¿d t8se S.trkb mank.

Case 3 crm t he s¡ex{, 3.asue ls a ddffqtse J.arge

sïosrci.eaved ceLL S.ymap&eoma. fb a3.so showe,d 3 hands

åmd$-aat"åmg &eð-e gerle reas.r'ar'hgemes!{,.

fiase. 4 Ls a case of' f'oL3.i.c¡a3.ar , sma.3..L c3.eaved aeLL

S.yrmphoma. Two 3.ow emoJ.ecq¿åar we$.gBa{, hasÀds were ded"ect"ed.

üases 5, 6 and V exP¡åbi-{"ed seo &c8-e geüle

s'eas'Fem6eraerat,, OruS-y t"he s$.rag3.e g:error3..Í.rae barad was

det"ec{,ed"

tase I w&ui.aB¡ i-s ar¡ot"å¡e¡' c&se of fol-l-laq¡3.an sma3.3-

cS.eaved ceS.L S.ymphoroaa, exBa$.hited 3 di.st,lr¡ct, har¡d" T!¡is
demogast c'at"ed t å¡at, a &a.8 -e geree r"eartrarngememt" E¡as

occeÀc.E ed"

f,,ar¡e {F} aont"alr¡s ÞruA fs"ostt perlp&aera3. F¡3.ood
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3.@Í.

F$.6nane 28: S*¡¡¿tB¡es.rÞ b3.ot" of^ cases f. * 8" T&¡e

uEåimdrrr fs ora t&¡e fj.nst, j.as¡e ôrÀ tF¡e 3-ef{,,

3.a¡¡e (A).

Cases I * @"

ã,ar¡e (tr) a¡n t"P!e x'$.gh{" ac¡nt,afr¿s ÐFl.& fpom PB¡,.

Bas i-rldi.aat"eg gex"m3.$.me bar¡d"

.årnows i.g¡di-aat"e g'eag'r'ôEþged træagrmec'åt s,

Tå¡e geraomåc ÐruÅ was d$.6est ed wi"t"3¡

reg{,e"$.ct,3.ora eraøyme Ðaonl,



1(j2
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q/T ÐrscEissrtru

lm &B¡ås st"aady a3.3. c&ses sB¡owed mul-t"åp3.e aRuc'os@osomai.

ahernat ioms" F"nom {,h$-s st"udy it" ås not possi-h3.e t"o say

deflsri.t"lve3-y {,8¡at" *"8¡ese ahseonmaLlt"i-es are spec$.f'åc fos"

eac&¡ håst"o3-ogi.caL t ype of moxlË{odgkårus S.yrwphoma (ru&gE"},

Wlna{" åt, does lscdl-cat"e j.s t"B¡a{,.. t"8¡ç t narasS.çaat"åom S.revoåvårug

cfunomosowse L& ar¡d c&¡norttosûffi?e f.E mnay p¿ây a rma;$ou' s"oLe i.sl

ffinåsly cases of B*ceL3. type of FÍ${ã,.

Ðiftr¡.¡se Lang:e ce3.3., l-m¡mnar¡oþ3.ast"lc 3.yt?ùphÀoma

Case 3. w3¡icB¡ is a case of di.f,truse Ì.ax'ge ce3.1,

i.rotsû¡urÀohtast,i.c Syrmphouma, hågh girade, s&¡ows tB¡e di.st,i.r¡ct,

*.C3.4; f.8) tq3.25q,Zg) ct¡nomosorc?aL *,nares.Locat,lon. Thås is
demos¡st nat ed ir¡ {,f¡e i-r¡ si.t t¡ hybri.dizat i.on st udy wF¡ere t }¡e

&c8-e ge&e &¡as moved to cÊ¡noffiosome 3.4, .Â3-so the So¡¿t&serc!

ama}ysis indicat es t å¡at, Þ,cî.*z gene r-earraxlsement, å¡as

occunred. Si-r¡ce tÊ¡e &e0-e Se&e probe cåsed i.m t"Fsls stwdy

does cor¿f,afn t&re ma¡loa: hreakpofnt reg.f.on, åt" i-s mos{,

prohahS.e êha& ls¡ t"&¡ls c&se t he rearrarbgeffi?ers{" Bsas occtåc'ned

wLt &¡åra *,ft¡$"s neg$.om.

F-or t"hi.s pan*,$.cuåar case, i.t, $.s possåh3.e *"&¡at" t wo

a3.os¡a3 popnaS.a{,åore of ae3.3.s åtre i.r¡vo3.ved. T&tls ås

i.n¡dS.ca{"ed d,hnoug:Ê¡ the cytogerae{,Lc ar¡a3.ys$.s. Cytogenae*"ic

anaS.ysås åmdlcates tE¡at" 40% of ce3.1s arealyzed Buave t"&¡e

â"{.1&;f.8} cfanomosomaL {,nar¡s.Locat,i.os¡" Arsot"S¡en 4@% of ceLLs

do exhi.håt t&¡e l4q+ marker cha"omosorme, but" appear t"o &save

&&¡e f,wo aros'ma3. c&¡ro¡s¡osors¡e f-8. TE¡ås stl6gests that" t"B¡e

extra cå¡normosomaS. mat"e¡råaJ- obgeg'ved ora c8¡nomososrne 3.4 i.s

den$.ve.d from a c&¡nor¡tosome o{,&¡e'r t&¡ara a&¡rom¡osome 3.8" T&se

nemaåm$.mg 2@% oÉ" ce3.3.s aoq¡3.d mot, he ama3yøed t"Bror"ougBtåy

d¿¡e t"o t"Bae poon qnaal$.{"y of' t"[¡e cÞ¡s"osmosomes.

tase f. a.Lso &uas severa3 ot hes. cor¡slst"e¡¡t" chrosmosomai.
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ehsb@s"ffiåeåå&i-es. Tåaese åaucl-qlde t"n$.øomy f. w3.t"ã¡ â par4å43.

de3et,l-orc of t"lae sB¡onf- arg?g, t"aåsomy 5, 7, 9, Lg as¡d Aß-.

T'hes'e ås ai.o as¡ åraters{"åt"iaå de-Le*.i.os¡ of ahs"omûËosr¡e l3 at"

ha¡¡d 93q3"&.

9'he de3e{,åom om chromosore?e lS óccqås's aâ" t"B¡e si-{"e

wFaere a pax't3.ccåLan as¡{.i-os¡c@g@Eìe, t}¡e Rts3. ís l-ocat"ed.

T'F¡ls såt"e has hees¡ observed &o he assoaf at"ed wi.t E¡ t B¡e

deveåopmemt, of' pet,år¡oh3.ast"oma (Row3.ey, 3.99t). T&¡epef^one,

ft f s poss$.h}e t"hat' åoss of t"B¡$.s ger¡e $.n t &¡ls paN'{"$.cu3.an

case of fustrôT{ånob3.as&i.a S.ymphoma ffiray 3-ead t"c¡ å"ts¡e

progressi.o¡¡ otr t"8¡e di.se&sep sår¡ce t"hcås €:eme i.s costsådened

to he a t"umor seåppressog' ge¡Ïe,

^A3.so t Sae pneseslce of t"s'3.somy 7 may al-so ca{åse t"å¡e

di.sease t o hecome aEÞ aggnessive one. l*, Þ¡as heers s&¡owr¡

by Kapnowskå et aL. (3.985) tB¡at, f.8¡e expnession of the
recept"or fon ep$.denwoa3. gr'ow{,h faat or corne.Lat es wlt,!¡

increased dosage of chcnosråosome 3 irg røaa3.ågmara{, meLanoma'

Wlt"&! extra cop$.es of c&¡nomosome 3, i.t, is possih3-e t"hat"

d"&¡ese ceåLs t¡ave acqu$.r'ed a growt"&n advaretage wB¡Lcå¡ aÌ.3.ows

*,B¡egrå t o ps.ô6l-ess *,owards a smor"e h$.6h gnade t ype.

T'Þsenefone åt" S.s possåh3-e t"B¡at, t å¡e pc'esemce of o{"B¡es'

eNt na cb¡nomosomes ffioay &¡ave a

t"r.amorågeraesi.s.

Þ$.ffqase .l-arge mos¡cLeaved cei-3 3.ymp&¡<¡me

Tr¡ t"hås s{"udy, fowr cases of dåffuse, 3.an6e

rsonai.eaved ce1L Lyømp&nclma have beera araaS.yzed" Thi.s

$r¡cåudes cases 2, 3, 6, amd 9. 43.3. & cases exB¡i.bit"ed

mna 3. t" å p 3. e c hnog¡¡oso$?a 3. ahsþog'ma l- i *" i- es .

Cy{,o6emet,åc as¡a3.ysis of case 2 w}¡i.a&¡ i-s a case of
d$.f'fuse, 3.ange slorÅcI-eaved ceJ.3. åymphomaa, $.mt"eu"ræedåate'

gnade sÞ¡owed S aor¡si.s*"emt ahr¡os"me.3-S.t"fes $.raveÏ.v$-mg

si.m¡i3.ar roLe ir¡
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marEçeæ aBas.omsome to a t(3.&;3.@)" YFse ex{,s"a chn:oretos<¡m¡aL

ma{,es"åa3 og} c3anom@scrffie 3.4 pema$.mg cåmkmowc}" BruÉ"o WcB.-e

geg¡e g'eag'vara6em¡em*,s wes"e def-ect ed t"hrougle t"3ae So!,lt"&senn

amaJ-ysås"

Case 6 ar¿d I ane aåso dif"f¡,ase 3-arge slor¡cneaved ce3.3.

Lyrøapleomas of år¡t enmedåat e geades. Bo*-h cases e'xås$.bå{"

mauS.t,ipJ-e cB¡nosr¡osomal abr¿onma3.i-t,åes" Tc? case 6 .i.{" appeans

t E¡at t Ï¡e di.sease may be hegirare$.mg t o appx'oach a h$.gEl

6nade {,ype. A few aeI-Is &¡ave beers obsec'ved {"o cor¡tai-rs

deI-(13)(q3.4)o arud &,he 3.4q+ marken cÊsnorssoso¡¡ìe. This i-s

si.må3.an t"o aase S,

T&¡e bc8-p gÌexbe does rrot" appear t"o he íravolved sis¡ce

t"&ee SoLE*,&¡es'rå hLot" does ¡¡ot, st¡ow amy bc8-p treäFs'arrgemerats.

Ora3.y ocle baråd i.s ohsenved asad t"å¡i.s i.s tË¡e genmrt3..$.ne has¡d.
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